Genetic studies on a spontaneous male-sterile/female-fertile soybean mutant identified at the Embrapa Soybean breeding program were carried out in Londrina County, State of Paraná, South Brazil. The mutant showing segregation for male-sterility (BR97-17958) was selected within F 5 progeny lines derived from the BR5(6) x Paranaíba cross performed in 1995. The F 1 , F 2 and F 3 generations from test-crossings among heterozygous plants of the BR97-17958 line and recessive homozygous plants (male-sterile) of the T 266H (ms 1 ms 1 ), T 259H (ms 2 ms 2 ), T 273H (ms 3 ms 3 ), T 274H (ms 4 ms 4 ), T 277H (ms 5 ms 5 ) and T 295H (ms 6 ms 6 ) lines were studied to identify whether this mutant defines a new locus or represents an independent mutation in one of the six loci already described. The F 1 , F 2 , and F 3 plants from the crosses were visually classified as presenting normal phenotype of male fertility or male-sterility. Results from inheritance and allele test study among the mutant genotypes and the recessive homozygous male-sterile lines (ms 1 , ms 2 , ms 3 , ms 4 , ms 5 and ms 6 ) provided evidence that the male-sterile characteristic of the line BR97-17958 have a simple recessive Mendelian inheritance and represents a mutation in a locus different from the ms-loci already described.
INTRODUCTION
Genetic male-sterility, although relatively rare, has been already observed in many species of autogamous (or self pollinated) plants. During the past three decades genetic and cytogenetic studies were carried out leading to the identification of six independent loci conditioning male-sterility in soybean [Glycine max (L.) Merr.], all of them controlled by recessive monogenic inheritance factors (Palmer et al., 1992) . These studies have identified the alleles ms 1 ms 1 in the genetic type T 260H (Brim and Young, 1971) , the alleles ms 2 ms 2 in T 259H (Bernard and Creemens, 1975) , the alleles ms 3 ms 3 in T 273H (Palmer et al., 1980) , the alleles ms 4 ms 4 in T 274H (Delannay and Palmer, 1982) , the alleles ms 5 ms 5 in T 277H (Buss, 1983) and the alleles ms 6 ms 6 in T 295H (Skorupska and Palmer, 1989) .
Several male-sterile genotypes were selected within segregating soybean populations at the Embrapa Soybean breeding program, in Londrina County, State of Paraná (PR), Brazil. Among these, the line BR97-17958 stands out due to its excellent agronomic performance. The knowledge of the genetic control of the male-sterility trait of this line may contribute to the use of this character in population breeding The objective of this study was to investigate the inheritance of the male-sterile trait of the genotype BR97-17958 and to carry out allele tests between this line and the known sources of genes conditioning male-sterility in order to verify whether this mutation defines a new locus or represents an independent mutation in the already described loci.
MATERIAL AND METHODS
The line BR97-17958, with male-sterile/female-fertile trait was found in a F 5 progeny selected in a segregating population of the BR5(6) x Paranaíba crossing, in 1995.
To investigate how the male-sterile trait of a spontaneous soybean mutant is inherited ant to perform allele tests with gene loci already identified, the generations F 1 , F 2 and F 3 resulting from the cross of the genotype BR97-17958 and the genetic types T 266H (Boerma and Cooper, 1978) , T 259H (Bernard and Creemens, 1975) , T 273H (Palmer et al., 1980) , T 274H (Delannay and Palmer, 1982) , T 277H (Buss, 1983) and T 295H (Skorupska and Palmer, 1989) were studied. T 266H was used due to its greater female fertility than T 260H. In obtaining generations Crop Breeding and Applied Biotechnology, v. 2, n. 4, p. 543-548, 2002 by self-pollination, the progeny of individual plants was maintained from F 1 to form F 2 and F 3 families, as in the genealogic method of homozygous advance. The experiment was carried out at Embrapa Soybean in Londrina, PR in the 1998, 1999 and 2000 growing seasons.
Allele tests were performed by crossing the mutant genotype with the known sources of genes in the msloci, in all possible combinations. BR97-17958 heterozygous plants were used as male parent in the crosses. As female parent, male-sterile plants of the American genetic types T 266H, T 259H, T 273H, T 274H, T 277H and T 295H were used (ms 1 , ms 2 , ms 3 , ms 4 , ms 5 and ms 6 , respectively). Seeds of the genetic types segregating for male-sterile trait and F 1 seeds that originated heterozygous plants of the BR97-17958 genotype were obtained at the Soybean Germplasm Bank maintained by Embrapa Soybean, in Londrina, PR.
The parents used in the crosses and the advanced generations for seed production of the F 2 population were cultivated in the greenhouse. The F 2 and F 3 generations were carried out in the field maintaining the individuality of each progeny. At maturity, the F 1 , F 2 , and F 3 plants from each progeny were visually classified as normal male-fertile phenotype or malesterile. The frequency of plants in each class was recorded.
The chi-square test (χ 2 ) (LeClerg et al., 1939) was used to test the hypothesis of monogenic or digenic inheritance and to analyze the frequency distribution of plants in the two classes.
RESULTS AND DISCUSSION
Several different segregation rates may be expected in the F 1 and F 2 generations of the crosses studied. If the mutant gene is allelic to one of the already described genes for male-sterility, a 1:1 ratio of fertile and sterile plants is expected in the F 1 and a 3:1 ratio in the F 2 . When two heterozygous loci are involved in the independent segregation of two pairs of alleles, with complete dominance for fertility, no male-sterile plant is expected in the F 1 generation. In the F 2 generation a 1:1 ratio is expected of families presenting segregation ratios of 3:1 and 9:7.
Results obtained from the F 1 , F 2 and F 3 generations of the crosses involving the genotype BR97-17958 and the mutant male-steriles provided evidences that the mutation in the line is of a monogenic inheritance controlled by a pair of recessive alleles conditioning male-sterility. These results are in agreement with the studies which identified six loci with recessive alleles conditioning male-sterility in soybean genotypes: ms 1 (Brim and Young, 1971) ; ms 2 (Bernard and Creemens, 1975) ; ms 3 (Palmer et al., 1980) ; ms 4 (Delannay and Palmer, 1982) ; ms 5 (Buss, 1983) and ms 6 (Skorupska and Palmer, 1989) .
Male-sterile F 1 plants were not observed in the crosses involving T 266H, T 259H, T 273H, T 274H, T 277H and T 295H with the line (genotype) studied. The lack of male-sterile plants in the F 1 generation was an indication of the presence of one male sterilityinducer gene in a locus different from the ms 1 to ms 6 loci. In the segregation of each F 2 population, two classes of segregation were observed showing 3:1 and 9:7 segregation ratios.
In the T 266H x BR97-17958 cross, four F 2 families were evaluated from which one and three families showed segregation adjusted to the expected 9:7 and 3:1 segregation ratios, respectively, and with acceptable values of χ 2 and probability (Table 1) . Results obtained in the segregation of the F 3 families of this testcross confirm that the mutation in BR97-17958 is controlled by one recessive gene, which is present in a locus different and independent of the ms 1 locus (Table 2) . Results from inheritance and allele tests carried out by Seifert et al. (2001) between the BR93-12879 mutant genotype and the male-sterile (ms 1 , ms 2 , ms 3 , ms 4 , ms 5 and ms 6 ) provided evidences of simple recessive Mendelian inheritance, representing a gene mutation occurred in the ms-locus allelic to the ms 1 gene (T 266H).
The segregation of the T 259H x BR97-17958 cross was very similar to that obtained in the previously described cross. One and two F 2 families presented adjustment to the 9:7 and 3:1 expected segregation ratios, respectively (Table 1) . These ratios of segregation indicated that the mutation in BR97-17958 occurred in a locus different and independent from the ms 2 -locus. This hypothesis was confirmed by the data obtained by the segregation of the F 3 families (Table 2) . Genetic and cytological studies carried out by Bione et al. (2002) between the BR97-17971 mutant genotype and the male-sterile (ms 1 , ms 2 , ms 3 , ms 4 , ms 5 and ms 6 ), identified that the mutation in BR97-17971 was controlled by a recessive gene, representing a gene mutation occurred in the ms-locus allelic to the ms 2 gene (T 259H).
In the T 273H x BR97-17958 cross, four families presenting 129 fertile : 39 sterile segregation ratio and one family presenting 24 fertile : 15 sterile segregation ratio, that is 3:1 and 9:7, respectively, Crop Breeding and Applied Biotechnology, v. 2, n. 4, p. 543-548, 2002 were observed (Table 1) . Results from the segregation of F 3 families of this test cross, provided evidences that the mutation in the BR97-17958 genotype occurred in a locus independent of the ms 3 -locus ( Table 2 ).
The F 2 families from the allele test between T 274H x BR97-17958 segregated in two distinct classes. Six families segregated in a 3:1 ratio and four families a 9:7 segregation ratio ( Table 1 ). The segregation was independent and non-allelic to the ms 4 -locus. This hypothesis was confirmed by the data obtained from the segregation of the F 3 families (Table 2) .
Even though the analysis was carried out on three families of F 2 plants only, the same behavior was observed in the T 277H x BR97-17958 test cross that segregated two distinct classes. Two families segregated in a 3:1 ratio and one family in a 9:7 segregation ratio (Table 1) . Based on these results, the male-sterile trait of the BR97-17958 genotype is conditioned by one non-allelic recessive gene, which is independent of the ms 5 -locus. This hypothesis was confirmed by data on segregation of F 3 families (Table 2 ).
In the F 2 generation of the T 295H x BR97-17958 test cross, two classes of segregation were observed, with progenies segregating individually at 3:1 and 9:7 ratios ( Table 1) . The high homogeneity and the significant adjustment in the expected 3:1 and 9:7 ratios were evidences that the mutation in the BR97-17958 genotype was non-allelic to the ms 6 -locus. Results were confirmed by data on segregation of F 3 families ( Table 2 ).
The lack of F 1 male-sterile plants and the results from segregation tests of the F 2 families (Table 1) are indicatives of the independent segregation hypothesis in the mutant locus as related to the ms 1 , ms 2 , ms 3 , ms 4 , ms 5 and ms 6 loci. Results obtained in the segregation of F 3 families confirm this hypothesis (Table 2) .
CONCLUSION
Results obtained from the genetic segregation studies carried out with the spontaneous mutant male-sterile/ female-fertile BR97-17958 genotype showed that in this line male-sterility is of simple recessive 
